ABSTRACT: The vaccinal efficacy of a heat-inactivated strain of Flexibacter psychroph~lus, the bacterium responsible in France for the vlsceral form of coldwater disease, was tested after intraperitoneal (IP) or bath vaccination. The level of protection was determined by the survival of fish after IP injection challenge with the live bacterium. After IP vaccination of 2.2 g fish, a relative percent survival value of 80 was obtained. Bath vaccination provided a lower but still significant protection in fish vaccinated at 50 d post-hatch or later. No protection was observed in fish vaccinated at 30 or 40 d post-hatch.
INTRODUCTION
A visceral form of bacterial coldwater disease has occurred in France in recent years in rainbow trout Oncorhynchus mykiss (R.), causing very important losses in fry and fingerlings (Baudin Laurencin et al. 1988) . The aetiological agent was Flexibacterpsychrophilus (Bernardet & Grimont 1989) . Previously, this pathogen was reported from juvenile salmonids in North America in which it induced primarily cutaneomuscular and gill lesions (Bullock et al. 1971 ). In contrast, in France, lesions have consistently been detected in the internal organs, the gills being affected only infrequently. Such lesions were experimentally reproduced by intraperitoneal injection of the live bacterium (Baudin Laurencin et al. 1989) . Holt (1987) obtained protection by vaccination against the American form of the disease. The present work describes experiments (1) to test the efficacy of vaccination by the intraperitoneal (IP) and immersion routes against the visceral form of coldwater disease (VCWD), and (2) to determine the age of the fish at which bath vaccination induces an immune protection.
MATERIALS AND METHODS
Specimens. Ca 5000 healthy rainbow trout fry, derived from eggs from 2 different pairs of parents and held in the laboratory, were used in 2 simultaneous experiments (January to May 1989). After hatching, the fry were distributed in 12 1 tanks that were supplied with filtered and well-oxygenated water. On first feeding (30 d post-hatch), fish were fed a commercial trout diet, ad libitum, during the first 4 wk; thereafter, the fish were fed at 4 % of body weight.
Bacterin preparation. Bacteria isolated from a French outbreak of VCWD were cultured at 20 ' C for 72 h on Anacker and Ordal agar (AOA) (Anacker & Ordal 1955) supplemented with 10 % foetal calf serum. Cells were harvested and sterile physiological saline (0.85 % NaC1) was added to obtain a n optical density of 0.6 at 625 nm. Cell concentration, determined by epifluorescence microscopy, was ca 101° cells ml-l. The suspension was inactivated by heating at 100 "C for 60 min and then diluted with sterile physiological saline to obtain a final concentration of 4 X log cells ml-' for the first experiment and 7 X 108 cells ml-' for the second.
Vaccination. To test the efficacy of the bacterin, a n IP vaccination was carried out on 2.2 g rainbow trout fry (90 d post-hatch; temperature 11 "C). Three replicates of 25 fry were intraperitoneally injected with 0.1 m1 of a dilution of the bacterin containing 3.5 X 10' cells ml-l. In addition, bath vaccinations were performed in 2 experiments on fish at 30, 40, 50, 60, 70, 80, 90 or 100 d post-hatch (see Table 1 ). At each vaccination time, 4 replicates of 50 fish were immersed in the diluted bacterin suspension for 2 min. Four other repli-cates were handled in the same way but were immersed in sterile physiological saline.
Challenges. Challenges were performed 35 to 40 d after vaccination. Fish were anaesthetized with ethylene-glycol-monophenyl-ether and then challenged by intraperitoneal injection with 0.05 m1 of Flexibacter psychrophilus suspension. Challenge doses were first standardized turbidometrically (optical denslty at 625 nm). Plate counts were then made to determine the dose of viable cells administered. Dead fish were collected daily and necropsied. The presence of E psychrophilusin the dead fish was established microscopically using spleen tissue samples and by isolation on AOA using randomly chosen samples. Experiments were terminated ca 20 d post challenge if there had been no losses for 3 or 4 d.
Statistical analysis. Statistical analysis was carried out using a computerized STATITCF statistical system (Institut Technique des Cereales et des Fourrages, Boigneville, France). The effect of vaccination (deaths in controls vs in vaccinated) on the mortality rate after challenge was checked by a l-way analysis of variance (ANOVA; p = 0.05). The relative percent survival (RPS) (Amend 1981) was calculated when significant differences between the mortalities in the control and vaccinated groups occurred.
RESULTS
Following challenge, mortalities began at 4 to 7 d and lasted for 13 to 17 d. All dead fish were positive for Flexibacter psychrophilus. Apart from melanosis and exophthalmia (both evident externally), lesions were observed only on the visceral organs and were similar to those observed in the field outbreaks of VCWD.
In IP-vaccinated fish, the post-challenge mortality rate was significantly lower (11 %) than in control groups (55 %). An RPS value of 80 % was obtained.
The RPS values of bath-vaccinated fish are shown in Table 1 
DISCUSSION
Although IP vaccination of fish (especially fry) is an impractical method, it is known to provide the strongest immunity ach~evable in fish (Evelyn & Ketcheson 1980) ; it therefore serves as a convenient method for assessing the potential usefulness of a bacterin. The RPS value obtained with our bacterin following IP vaccination (80 %) was not as high as that (almost 100 % protection) obtained by Holt (1987) in his studies with 0.5 to 27.0 g coho salmon Oncorhynchus kisutch. However, Holt used a higher dose of injected bacterin, and bacterin was administered with an immuno-stimulatory preparation (Cossarini-Dunier 1983) . Notwithstanding this, our bacterin was clearly shown by injection to be immunogenic and thus worthy of further study.
Using our bacterin, we showed that it was possible to protect juvenile rainbow trout against the visceral form of coldwater disease and that this protection fore, that bath vaccination may prove a practical and could be achieved by the practical means of bath vaceconomically worthwhile measure for controlling cination. This protection, however, did not occur with VCWD in fish culture facilities. (1982) showed that the number of lymphocytes in the haematopoietic organs of very young fish was small and that the number correlated more with fish weight than with fish age. This probably explains why, in several species of salmonids tested, immunity appeared to be more a function of fish size than fish age (Johnson et al. 1982) . Johnson et al. (1982) found that the minimum weight at vaccination needed to ensure good protection was between 1.0 and 2.5 g. In the experiments of Holt (1987) , a satisfactory level of immunity following bath vaccination occurred only when the fish had reached the 1.0 g stage. Immunocompetence in rainbow trout at the 0.5 g stage, as we found in the present experiment, is consistent with findings of Tatner & Horne (1983) for this species (the latter workers used a bath-administered anti-Vibrio anguillarum vaccine). Thus, while age or size at irnrnunocompetence may vary somewhat with the species, stock, or history of the fish, the important point is that vaccination at too early a stage may be a wasted effort.
In the present study we chose to use an IP challenge even though this challenge method is considered to be a drastic one. The challenge method was used because it resulted in typical signs of natural VCWD and because earlier attempts at bath challenges did not produce sufficiently high mortality levels for evaluating the protectiveness of the vaccine. Challenge by the IP method bypasses the immunity that is believed to developed locally in the integulment as a result of bath vaccination (Ellis 1988) . Thus the benefits of the immune response, as measured in our laboratory, may actually represent underestimates of the benefits in survival accruing to the fish under conditions of natural challenge in the field. The outlook is good, there-
